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ABSTRACT: Exploiting piezoelectric effect to engineer material interface
has been confirmed as a promising way to optimize the performance of
optoelectronic devices. Here, by using this effect, we have greatly improved
the photoresponse of the fabricated ZnO/Au Schottky junction based self-
powered UV detector. A 440% augment of photocurrent, together with 5×
increased sensitivity, was obtained when the device was subjected to a
0.580% tensile strain. The enhancement can be attributed to the facility
separation and extraction of photoexcites due to the formation of the
stronger and expanding built-in field, which is a result of charge
redistribution induced by piezoelectric polarization at the ZnO/Au interface.
This study not only can strengthen the understanding of piezoelectric effects
on energy devices but also can be extended to boost performances of
optoelectronic devices made of piezoelectric semiconductor materials.

KEYWORDS: interface engineering, piezopotential, Schottky barrier, ZnO, self-powered, UV detector

■ INTRODUCTION

Precisely controlled materials and their interfaces are pivotal
determinants of device performance in fundamental science.
Particularly, compared to the bulk of materials, the interface is
more fascinating and exhibits some unexpected physical
properties, such as superlattices, band offsets, or energy barrier
formations, which in turn dominate the overall behavior of
devices.1−3 Thus, the performance of the devices is directed
mostly by the interface characteristics. Accordingly, interface
engineering has aroused considerable attention in optimizing
device performance or designing novel functional devices.4−7

Among the emerging approaches, employing the ionic
depolarization induced electric field to regulate the interfacial
electronic band structure without varying interfacial structure or
chemistry is an intriguing method.8−20 Nevertheless, consider-
ing the poor electrical conductivity of most ferroelectric
materials,8,9 the semiconducting piezoelectric materials are
more feasible for constructing electronic devices. Thereinto,
ZnO nanomaterial is considered to be an ideal building block
for optoelectronic devices in view of its outstanding opto-
electric properties and its facile synthesis.21−24 Additionally, the
ability to tailor heterointerface with the piezoelectric polar-
ization has been demonstrated.12−20

On the other hand, the self-powered system that performs
wirelessly, independently, and sustainably is another hot issue
with the threat of the global energy crisis.25−27 The self-

powered ultraviolet (UV) photodetector, one of the most
popular optoelectronic devices, has also been developed.27−35

Different from the nanogenerator or a solar cell integrated self-
powered photodetector, which are more or less time-, weather-,
and temperature-dependent,27,28 the photovoltaic-effect-based
self-powered photodetector is powered by the detecting signals
rather than by another energy collection system, showing
greater adaptability and sustainability.29−35 Generally, there are
two types of photovoltaic photodetector: Schottky junc-
tion29−31 and p−n junction.32−35 As the Schottky type device
has the advantage of ease of fabrication processing over the p−
n type device, it would be more preferable in practical
application and worth spending more time on investigating
how to improve its performances.
Though piezopotential boosting photovoltaic effect has been

reported,12−15 there is a little work focused on the Schottky-
based photovoltaic device. In this work, the influence of the
interfacial remnant piezopotential engineering of a ZnO/Au
Schottky junction on its photovoltaic performance is
manifested by a self-powered UV detector, where the
photocurrent increases linearly with tensile strain. With a
0.580% tensile strain, the photocurrent was further enhanced
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440% along with a more than 5× improvement of sensitivity.
The underlying mechanisms are clarified in terms of energy
band diagrams. Our investigation is beneficial to performance
optimization of optoelectronic devices and valuable for
developing self-powered systems.

■ EXPERIMENTAL SECTION
As a good Schottky barrier junction is needed for our investigation, a
100 nm Au film acting as an electrode was sputtered on a flexible
polystyrene (PS) substrate partially via DC sputtering. The ZnO
micro/nanowires investigated in this work were synthesized by a
simple chemical vapor deposition method.36 A selective ZnO wire of
large size was transferred on the as-treated PS substrate along the long
edge and connected with Au film at one end of the wire to form a
Schottky junction. Furthermore, to avoid the movement of the ZnO
wire during the testing procedure, we tightly bound the ZnO wire to
the Au film with a thin film of epoxy. Then, Ag paste was used to fix
the ZnO wire on the PS substrate as an electrode. Finally, a thin layer
of polydimethylsiloxane (PDMS) was brought in to fully cover the
whole device and isolate the device from contamination.
The morphology and structure of the ZnO wire and the fabricated

device were characterized by scanning electron microscope (SEM,
JEOL-6490), optical microscope, and X-ray diffractometer (Rigaku
DMAX-RB, Japan). The photoluminescence spectrum was obtained
using a continuous He−Cd (325 nm) laser as an excitation source,
which is also the light source in our work. The room temperature
electrical and photoresponse properties of the device were measured
with a semiconductor characterization system (Keithley 4200-SCS).

■ RESULTS AND DISCUSSION
Figure 1a represents a typical SEM image of the synthesized
wire. Dense wires with widths of hundreds of nanometers to a
few micrometers and lengths of several hundred micrometers
can be easily seen. The well matched diffraction peaks of the
XRD pattern of the ZnO wire in the inset of Figure 1a indicate
the wurtzite structure of our products and no secondary
phase.37 The PL spectrum is also depicted in Figure 1b to
assess the crystallinity of the ZnO wires, suggesting good
crystallinity with low deficiencies of the as-prepared ZnO
wires.38

The optical image of the fabricated device is shown in the top
image in Figure 2a, and the bottom image is a schematic of the
device. To evaluate the electronic properties of the fabricated
ZnO/Au heterojunction, we initially recorded the current−
voltage (I−V) characteristic. As seen in Figure 2b, the device
displays an excellent diode-like behavior with a fairly low turn-
on voltage of about 0.25 V and a rectification ratio greater than
103 at ±3 V, indicating the well-defined Schottky barrier

formed at the ZnO/Au interface. The ideality factor of the
ZnO/Au heterojunction derived from the slope of the ln I vs I
curve plotted in Figure 2b based on the thermionic emission
model is about 3.04,14 while the ideal one should be 1. The
deviation from the ideal value here may ascribe to the
electron−hole recombination process because of the surface
states at the interface of the heterojunction.39 Additionally, the
capacitance−voltage curve (Figure 2c) was also obtained to
show the interface state comprehensively. According to the
Mott−Schottky equation,40 the carrier density and the built-in
potential were estimated to be 2.6 × 1017 cm−3 and 0.79 V,
respectively, through linearly fitting the 1/C2 versus voltage
curve.
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where φ is the built-in potential, V is the external applied
potential, q is the elementary charge, A is the area of the metal
contacts, ε is the dielectric constant, ε0 is the permittivity of
vacuum, and Ns is the carrier concentration. It can be perceived
that the ZnO wire is appropriated to investigate piezotronics
and to construct piezoelectric devices for its moderate carrier
density.41 The depletion width of about 80 nm at 0 V was
further obtained by employing the equation40
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These results acquired from the CV curve again confirmed that
a reliable barrier would be formed at the ZnO/Au interface via
this easy and low-cost means.
Furthermore, Figure 2d illustrates the photoresponse

property of the device at zero bias. The Schottky junction
has remarkable photovoltaic performance, and the current
repeatedly increases/decreases stably during periodical switch-
ing of light illumination with a sensitivity (defined as
photocurrent/dark current) as high as ∼103. More importantly,
there is no distinct degradation in each cycle. The response
process was fast, and the corresponding rise and decay times
are presented in Figure 2e, which shows both of them are about
0.1 s. The self-powered behavior of our device accompanied by
its fast response speed relative to photoconductive photo-
detectors relies on the driving force of the Schottky barrier at
the ZnO/Au interface rather than the oxygen absorption and
desorption process at the surface of the ZnO wire, which can be
elucidated with the help of the energy band diagram in Figure

Figure 1. (a) SEM micrograph of the synthesized ZnO wires; (inset) XRD pattern of the ZnO sample. (b) PL spectrum of the ZnO wires.
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2f. It is well-known that there is a built-in potential at the
metal/n-semiconductor interface when the work function of the
semiconductor is lower than that of the metal, such as ZnO
(4.5 eV) and Au (5.1 eV),31 thus leading to the band distortion
and the formation of the depletion region adjacent to the
interface. Once the junction is illuminated by the above-band
gap light (325 nm), the electrons and holes generated within
the depletion region are immediately driven in opposite
directions by the built-in potential, which gives rise to the
generation of the circuit current.
Owing to the modulation of the interface band structure

originated from piezoelectric polarization,12−18 the photo-

response performance of the ZnO/Au Schottky junction
under different strains is systematically investigated because
of the dominant effect of the interface characteristics, as
described above and summarized in Figure 3. The output
current increases step by step as the tensile strain gradually
increases, which could be introduced and calculated by applying
different curvatures on the PS substrate.14 Meanwhile, at each
strain state, the signal current would return to a steady value
once the light irradiation is on or off in each cycle with a nearly
unchangeable rise and decay time. To further understand the
strain effect on the device performance, we extracted the
photocurrent and the sensitivity under different strains from

Figure 2. (a, top) Optical image and (a, bottom) schematic of the fabricated device. (b) Linear and semilogarithmic plot of current and voltage,
respectively. (c) The C−V characteristic of the ZnO/Au junction. (d) Time-resolve photoresponse of the fabricated device under UV irritation (325
nm). (e) The rise and decay time enlarged. (f) Schematic band structure of the Schottky barrier under UV illumination.
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Figure 3a. These values are plotted in Figure 3, panels b and c,
respectively, considering the minute variable of dark current.
Both the photocurrent and the sensitivity increase linearly with
increased tensile strain, and a 440% increase of photocurrent,
together with a more than 5× enhancement of sensitivity, was
obtained when applying a 0.580% tensile strain. It is worth
noting that the enhanced photoresponse under strain does not
influence the response time, stability, or repeatability of the
device. To reveal the reason for the strain-enhanced perform-
ance of the device, we show the I−V curves with application of
varying tensile strain to deduce the change of Schottky barrier
height (SBH) under different tensile strains with different bias
according to the classic thermionic emission−diffusion theory,
as presented in Figure 3d. As expected, the change of Schottky
barrier increases monotonically with the increased tensile strain,
which is insensitive to external bias. It could be fairly verified
that the optimized SBH could prompt the separation and
extraction of the photogenerated electron−hole pairs and thus
enhance the characteristic of the device due to the consistency
of the variation trend between the change of SBH and
photocurrent under strains.
The underlying mechanisms of the enhanced photoresonse

of the device under strain could be clarified in the light of the
realignment of their energy band diagram under strain. It is
widely accepted that once the ZnO wire is strained, charge
would redistribute to screen the piezoelectric charges partially
as a result of the piezoelectric polarization charges arisen from
its noncentral symmetric crystal structure, and the remnant

piezopotential would modify the interface characteristics.42 By
utilizing the remnant piezopotential, the charge transport
behavior at the interface is effectively modulated .12−16 In our
scenario, a negative piezopotential was produced at the MS
interface, repelling electrons away from the interface and
consequently further depleting the interface and raising the
barrier height. The corresponding band diagram is plotted in
Figure 4a. Undoubtedly, the stronger and expanding built-in
field is favorable for the photoexcites separation and extraction.
Though the piezoresistance effect would certainly take place
and contribute to the charge transport behavior, it is a
symmetrical effect that changes the conductance of the
semiconductor instead of the interface characteristic. Therefore,
the piezoelectric effect dominates the overall charge transport
behavior in this work for the asymmetrical variation of current
under positive and negative bias, which is shown in the inset of
Figure 3d.
In addition, because the polarity of the piezopotential

depends on the relationship between the direction of the c-
axis of the ZnO wire and that of the applied strain, when the c-
axis of ZnO points toward the epoxy, a positive piezopotential
appears at the interface under tensile strain (Figure 4b), which
causes electrons to accumulate at the interface, resulting in a
narrower depletion layer and a lower barrier height. The
shrunken and blunter built-in potential renders the reduction of
the driven force of the photoexcites, suppressing the separation
and extraction of the photoexcites, and inferior photoresponse
properties are thus forecasted. The corresponding results are

Figure 3. (a) Strain effect on the photoresponse characteristics. (b) Photocurrent and (c) sensitivity as a function of strain. (d) Derived SBH change
with variable strains; (inset) I−V characteristics under different strains.
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exhibited in Figure 5. Expectedly, the photocurrent decreases
with the increasing tensile strain, and the response time remains
similarly invariable. Furthermore, a similar linear relationship
between the photocurrent/sensitivity and tensile strain is also
observed. The corresponding I−V characteristics and calculated
change of SBH under strains are presented in Figure 5d. The

change of SBH decreases with increased tensile strains, which
accounts for the weakened photoresponse.

■ CONCLUSION
In summary, with the interfacial piezopotential engineering
induced stronger and expanding built-in field, the separation
and extraction of the photoexcites at ZnO/Au interface was
largely promoted, resulting in an enhanced photoresponse of
the Schottky junction. The photocurrent increases linearly with
applied tensile strain. A 440% enhancement of photocurrent
and a 5× increase of sensitivity were achieved under a 0.580%
tensile strain. The results provide guidance for designing and
optimizing the performance of optoelectronics, which is
applicable to self-powered systems involving piezoelectric
semiconductor materials.
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